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(54) Transmissive display device 

(57) A transmissive display device includes a driv- 
ing substrate (1) positioned on the emergent side which 
has both a group of pixels including component units 
each having a pixel electrode (6) and a switching device 
(7), and a black matrix (16M,16P,9,11,12) for shielding 
light from reaching the non-aperture part of each pixel 
from the incident side. The black matrix has an overlaid 
structure formed by overlaying a low-reflection metallic 
layer (ISM, ISP) and a high-refiection metallic layer 
(9, 11, 12) with an interlayer insulating film (17) provided 
therebetween. Both layers are patterned, and partially 



overlap with each other as mutually complement to 
shield incident light. When observed in plan view from 
the incident side, the exposing area of the low-reflection 
layer is enlarged, while the exposing area of the high- 
reflection metallic layer is reduced to suppress the sur- 
face reflectance of the black matrix. Thereby, multiple 
reflection inside liquid crystal does not occur, and it is 
possible to prevent contrast deterioration caused by 
leaked rays. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a transmissive display 
device with an active matrix structure, having a driving 
substrate, a counter substrate, and liquid crystal held 
therebetween. In particular, this invention relates to a 
so-called on-chip black structure in which there is 
formed a black matrix for shielding light, as well as pixel 
electrodes and switching devices, on a driving sub- 
strate. 

Description of the Related Art 

Liquid crystal display devices are widely used in tel- 
evisions, graphic displays, and so forth. Among them, in 
particular, an active-matrix type liquid crystal display 
apparatus has high speed responsibility and is suitable 
for having an increased number of pixels, and has been 
anticipated and researched in order to realize enhanced 
quality of a display screen, an enlarged size of the 
screen, a multi-colored display, and so on, and as a 
result, there already has been achieved a practical 
example. As shown in Fig. 5, this active matrix type liq- 
uid crystal display apparatus has a driving substrate on 
which a scanning bus line pattern and a signal bus line 
pattern are formed perpendicular to each other. Switch- 
ing devices 102 and pixel electrodes 103 are formed 
respectively at points where both patterns intersect with 
each other. On the other hand, on a counter substrate 
1 04, there is ordinarily formed a black matrix 1 06 as well 
as a counter electrode 105. This black matrix shields 
incident light from the counter substrate 104 to prevent 
switching devices 102 from malfunctioning due to pho- 
toelectric currents, while the matrix shields leaked rays 
passing between the pixel electrodes 103 arranged in a 
matrix to prevent deterioration of contrast. Between the 
driving substrate 101 and the counter substrate 104, liq- 
uid crystal is provided. However, providing the black 
matrix 106 on the counter substrate 104 requires fine 
alignment with the driving substrate 101, which thus 
creates difficulties in assembly. As a countermeasure 
against such a difference in alignment, a method is gen- 
erally used wherein a black matrix is provided so as to 
overlap to some extent with the respective pixel elec- 
trodes 103. With this method, it is possible to reduce an 
alignment error caused by putting together the driving 
substrate 101 and the counter substrate 101 , to the size 
of an overlapping part. However, providing an overlap- 
ping part causes a reduction of the aperture area of the 
black matrix 106 with respect to the pixel electrode 103 
by the amount of such overlap, so that the aperture ratio 
deteriorates and reduces the brightness of the pixel. 
The black matrix 106 is formed of, e.g., a metallic layer 
with light-shielding properties, and to some extent 
reflects incident light. The reflected light is repeatedly 



reflected on the counter substrate 104 and so forth, a 
part of which travels into the liquid crystal 107. 

As described above, a black matrix provided on a 
counter electrode causes a problem in that a difference 

s in alignment occurs when a driving substrate and a 
counter substrate are joined together. To this end, there 
has been proposed a so-called on-chip black structure 
formed by providing the black matrix on the driving sub- 
strate. On the same substrate, it is possible to realize 

10 alignment precision between a pixel electrode and a 
black matrix, up to approximately 1 urn. Such an on-chip 
black structure is disclosed in, e.g., Japanese Patent 
Laid-Open Publication No. 5-181 159, which is schemat- 
ically shown in Fig. 6. Parts that correspond to those in 

is an embodiment shown in Fig. 5 are denoted by the cor- 
responding reference numerals, so as to be readily 
understood. However, since the on-chip structure has a 
black matrix 106 formed by, e.g., a metallic layer, and 
provided on a matrix array substrate 101, and has no 

20 light-shielding layer on a counter substrate 104, a prob- 
lem arises such that multiple reflection occurs, so that 
contrast deteriorates. As described above, since the 
black matrix 106 is formed by a metallic layer, it reflects 
incident light at a certain ratio, A reflection layer pro- 

25 vided on the matrix array 101 creates light components 
that are repeatedly reflected in liquid crystal 107. The 
multiple reflection light in the liquid crystal 107 has a dif- 
ferent polarization plane from normal light passing 
through the liquid crystal only once, and as a result, 

30 even in the case of displaying black, I eaked rays appear, 
so that contrast deteriorates. In particular, in a region in 
which there is a reverse tiii domain caused by a lateral 
electric field, multiple reflection causes a great amount 
of leaked rays. Multiple reflection occurs in connection 

35 with not only incident light from the counter substrate 
104 but also incident light from the matrix array 101, 
which thus affects contrast. 

SUMMARY OF THE INVENTION 

40 

An object of the present invention is to provide a 
transmissive display device, having an active matrix 
structure, suitable for preventing contrast deterioration 
caused by multiple reflection in the liquid crystal. 

45 To this end, according to the present invention, 
there is provided a transmissive display device compris- 
ing: a first transparent substrate disposed on the inci- 
dent side for receiving incident light and having a 
counter electrode; a second transparent substrate hav- 

50 ing pixels formed in a matrix and a black matrix for 
shielding, from the incident side, light from reaching the 
non-aperture parts of the pixels; and an electro-optical 
material provided between the first and second trans- 
parent substrates, the respective pixels each including a 

55 pixel electrode and a switching device, and the black 
matrix having an overlaid structure formed by overlaying 
a first reflection metallic layer with first reflectance and a 
second reflection metallic layer with second reflectance 
higher than the first reflectance, with an insulating film 
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provided therebetween, both of which are formed such 
that they are patterned and partially overlap with each 
other as mutually complement to shield the incident 
light. 

Preferably, the first reflection metallic layer is posi- 
tioned closer to the incident side than the second reflec- 
tion metallic layer, and the pattern of the first reflection 
metallic layer is extended over the pattern of the second 
reflection metallic layer. 

The first reflection metallic layer may include a light- 
shielding pattern positioned along the row direction of 
the pixels arranged in a matrix, while the second reflec- 
tion metallic layer may include a wiring pattern posi- 
tioned along the column direction. 

It is preferred that the first reflection metallic layer 
includes an extended light-shielding pattern having a 
floating potential, separated and isolated from the light- 
shielding pattern whose potential is fixed, and the 
extended light-shielding pattern is positioned above the 
wiring pattern. 

It is preferred that the second reflection metallic 
layer is positioned closer to the incident side than the 
first reflection metallic layer, and the pattern of the sec- 
ond reflection metallic layer, overlaid on the pattern of 
the first reflection metallic layer, is selectively removed. 

The electro-optical material may comprise a liquid 
crystal. 

The switching device may comprise a thin film tran- 
sistor. 

The first reflection metallic layer may comprise Ti. 
The second reflection metallic layer may comprise 

Al. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A is a partially sectional schematic view illus- 
trating a transmissive display device in accordance with 
an embodiment of the present invention. 

Fig. 1 B is a schematic partial plan view illustrating 
the transmissive display device in accordance with the 
embodiment of the present invention. 

Fig. 2 A is a partially sectional view illustrating a 
modification of the embodiment shown in Figs. 1 A and 
1B. 

Fig. 2B is a partial plan view illustrating the modifi- 
cation of the embodiment shown in Figs. 1 A and 1 B. 

Fig. 3A is a partially sectional view illustrating 
another modification of the embodiment shown in Figs. 
1Aand1B. 

Fig. 3B is a partial plan view illustrating another 
modification of the embodiment shown in Fig. 3A. 

Fig. 4 is a partially sectional view illustrating a fur- 
ther modification of the embodiment shown in Figs. 1 A 
andlB. 

Fig. 5 is a partially sectional view illustrating an 
embodiment of a transmissive display device. 

Fig. 6 is a partially sectional view illustrating an 
embodiment of a transmissive display device. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

An embodiment of a transmissive display device in 
5 accordance with the present invention will be described 
below. 

By referring to Fig. 1 A, there is shown a schematic 
sectional structure of the transmissive display device. 
The transmissive display device has a panel structure 

10 having a pair of transparent substrates joined together 
over a predetermined distance with an electro-optical 
material provided therebetween. In this embodiment, 
the pair of transparent substrates includes a matrix 
array substrate 1 and a counter substrate 2, between 

is which liquid crystal 3 is provided as the electro-optical 
material. The counter substrate 2 is positioned on the 
incident side, and has at least a counter electrode 5. 
The driving substrate 1 positioned on the emergent side 
has a group of pixels 4 each having, as a constituent 

20 unit, a pixel electrode 6 and a switching device 7, and 
has a black matrix which shields light, from the incident 
side, from reaching the non-aperture parts of the 
respective pixels. To simplify illustration, only one pixel 4 
is shown. 

25 The black matrix includes an overlaid structure in 
which a low-reflection metallic layer with relatively low 
reflectance (16M, 16P) is laid over a high-reflectance 
metallic layer with relatively high reflectance (9, 1 1 , 12) 
with an interlayer insulating film 17 spaced therebe- 

30 tween. Both layers are patterned, and partially overlap 
with each other as mutually complement to shield inci- 
dent light. Whsn observed in plan view from the incident 
side, the exposing area of the low-reflection metallic 
layer (16M, 16P) is enlarged, while the exposing area of 

35 the high-reflection layer (9, 11, 12) is reduced, so that 
the surface reflection on the black matrix is reduced. 
The black matrix is formed such that the low-reflection 
metallic layer (16M, 16P) is positioned closer to the inci- 
dent side than the high-reflection layer (9, 11, 12), thus, 

40 the pattern of the former is extended over the pattern of 
the latter, thereby reducing the surface reflection on the 
black matrix. The low-reflection metallic layer (16M, 
1 6P) is made from, e.g., Ti, the thickness of which is set 
to 250 nm. In this case, the low-reflection metallic layer 

45 has an optical density of approximately 4, and thus has 
an extremely great light-shielding properties, and a 
reflectance of approximately 25%. On the other hand, 
the high-reflection layer (9, 11, 12) is made from, e.g., 
Al, the thickness of which is approximately 600 nm. The 

so high-reflection layer has an optical density of about 
slightly less than 5, and thus has extremely great light- 
shielding properties. Further, its reflectance is approxi- 
mately 95%. Within the transmissive range of the effects 
of capacitive coupling between the high-reflection 

55 metallic layer made from Al and the low-reflection metal- 
lic layer made from Ti, the high-reflection metallic layer 
(Ti) may be provided above the low-reflection metallic 
layer (Al). 

This arrangement of both layers enables the sur- 
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face reflectance of the driving substrate 1 to be reduced 
to realize, e.g., a contrast of not less than 150. An 
arrangement which does not use such a countermeas- 
ure results in a contrast of not more than 100. As mate- 
rials for the metallic layers forming the black matrix it is 
possible to use ordinary wiring materials such as Ti, Cr, 
Mo, Ta, W, Al, Cu, TIN, and CrO. 

As shown in Fig. 1 8, the low-reflection metallic layer 
includes a light-shielding masking pattern 16M provided 
along the row direction of the pixel electrodes arranged 
in a matrix, while the high-reflection metallic layer 
includes a signal bus line pattern 9 provided along the 
column direction of the pixel electrodes. The light- 
shielding masking pattern 16M and the signal bus line 
pattern 9 complement each other to form a grid-shaped 
black matrix. The low-reflection metallic layer includes 
not only the light-shielding masking pattern 16M pro- 
vided along the row direction but also an extended light- 
shielding pattern 16F which is continuous therefrom. 
This extended light-shielding pattern 16F is provided 
above the signal bus line pattern 9 provided along the 
column direction. Therefore, the surface reflectance of 
the black matrix can be reduced. 

By referring further to Fig. 1 A, the detailed structure 
of the driving substrate 1 will be described below. 

The driving substrate 1 is formed so as to be sepa- 
rated into an upper layer, an intermediate layer, and a 
lower layer. The upper layer includes the pixel elec- 
trodes 6 formed for the respective pixel 4. The lower 
layer includes the switching devices 7 for enabling the 
pixel electrodes 6 to be operational, a scanning bus fine 
pattern (not shown) for scanning the rows of thin film 
transistors corresponding to the respective rows of the 
pixels 4, and the signal bus line pattern 9 for supplying 
predetermined image signals to the columns of the 
switching devices 7 corresponding to the respective col- 
umns of the pixels 4. The switching device 7 is made 
from a thin film transistor having, as an active layer, a 
semiconductor film 10 made from polycrystal silicon, 
with a gate insulating film G formed in a pattern on a 
gate insulating film thereon. The gate insulating elec- 
trode G is continuous to the scanning bus line pattern. 
The thin film transistor has a source region S and a 
drain region D on both sides of a gate electrode G. The 
source region S is connected to a lead electrode 1 1 so 
as to be continuous to the signal bus line pattern 9. The 
drain region D is connected to the other lead electrode 
12. The lead electrodes 11 and 12, and the signal bus 
line pattern 9 form the lower low-reflectance metallic 
layer. The semiconductor film 10 has an auxiliary 
capacitor 1 3 formed thereon as well as the thin film tran- 
sistor. This auxiliary capacitor 13 utilizes the semicon- 
ductor film 10 for an electrode, and an auxiliary wiring 
pattern 14 for the other electrode. Between both elec- 
trodes, the gate insulating film, and a dielectric film that 
is included in the 6ame layer as the former, are pro- 
vided. The gate electrode G, the scanning wiring, and 
the auxiliary wiring 14 are included in the same layer, 
and are electrically insulated by a first interlayer insulat- 



ing film 15 from the lead electrodes 1 1 and 12. 

In the intermediate layer between the upper and 
lower layers, the high-reflectance metallic layer is pro- 
vided. The high-reflectance metallic layer is separated 

5 into the light-shielding masking pattern 16M and the 
light-shielding pad pattern 16R The light-shielding 
masking pattern 16M is continuously patterned along 
the row direction of the pixels, which at least partially 
shields light from reaching the switching device 7. The 

w light-shielding masking pattern 16M is sandwiched 
between a second interlayer insulating film 17 and a 
flattening film 18, and is insulated from the lower and 
upper layers. The light-shielding masking pattern 16M 
has its potential set to fixed potential. This fixed poten- 

15 tial is equal to, e.g., the potential of the counter elec- 
trode 5. On the other hand, the light-shielding pad 
pattern 16R is discretely patterned corresponding to the 
respective pixels 4. The light-shielding pad pattern 16P 
is provided in a contact C positioned between both the 

20 pixel electrode 6 and the switching device 7 correspond- 
ing thereto, and functions as an electrical contact and 
as a light shield. In other words, the light-shielding pad 
pattern 16P is sandwiched between the pixel electrode 
6 and the lead electrode 12, and enables better electri- 

25 cal contact between the electrodes. The lead electrode 
12 is included in the same layer as the signal bus line 
pattern 9, as described above, and is directly and elec- 
trically connected to the drain region D of the thin film 
transistor. The lead electrode 12 shields light passing 

30 between the light-shielding pad pattern 16P and the 
light-shielding masking pattern 16M, both of which are 
included in ths high-reflection metallic layer forming the 
black matrix, which have light-shielding properties, and 
are separated from each other. 

35 By referring to Fig. 1 B, the detailed structure will be 
further described. 

The light-shielding masking pattern 16M is formed 
in parallel to the scanning bus line pattern 8. Accord- 
ingly, the light-shielding masking pattern 16M is posi- 

40 tioned perpendicular to the signal bus line pattern 9 
having light-shielding properties, so that the grid- 
shaped black matrix is formed. The black matrix shields 
light from reaching the periphery of each pixel electrode 
6 to define the aperture of each pixel. The thin film tran- 

45 sistor has the lead electrode 1 2 which is included in the 
same layer as the signal bus line pattern 9, and is in 
direct contact with the drain region D. The lead elec- 
trode 12 is electrically connected with the pixel elec- 
trode 6 which is upwardly positioned, through the light- 
so shielding pad pattern 16P. In other words, the light- 
shielding pad pattern 16P is provided in the contact C 
between the pixel electrode 6 and the thin film transis- 
tor. The lead electrode 12 also has light-shielding prop- 
erties, and thus shields light passing between the light- 

55 shielding masking pattern 16M and the light-shielding 
pad pattern 16R The auxiliary wiring pattern 14 shown 
in Fig. 1A is formed in parallel to the scanning-wiring 
pattern 8. The auxiliary wiring pattern 14 is partially laid 
above the semiconductor film 10, so that the above- 
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described auxiliary capacitor is formed. 

As described above, the light-shielding patterns 
16M and 16P are formed above the switching device 7, 
the signal-wiring pattern 9, the scanning bus line pattern 
8, and so forth, and are formed below the pixel elec- 
trode 6. The light-shielding masking pattern 16M is 
insulated from any of the signal bus line pattern 9, the 
scanning bus line pattern 8, and the pixel electrode 6, 
so that light reaching a region that must be masked is 
totally shielded by the smallest area. Therefore, it is 
possible to completely shield light from reaching a dis- 
play region, only on the driving substrate 1, and thus to 
maximize transmittance of light of an active matrix-type 
display apparatus. Further, on the counter substrate 2, 
only the counter electrode 5 needs to be formed, so that 
costs of materials and assembly can be reduced. The 
potential of the light-shielding masking pattern 16M is 
set to a fixed potential, and thus functions as a shield 
with respect to each pixel electrode 6. On the other 
hand, the light-shielding pad pattern 16P is sandwiched 
between the pixel electrode 6 and the lead electrode 12, 
and enables better electrical contact between both elec- 
trodes. Further, one of features of the present invention 
is that the extended light-shielding pattern 16F is pro- 
vided along the column direction, extended from the 
light-shielding pattern 16M in order to cover the signal- 
wiring pattern 9 which is downward positioned. As 
described above, the extended light-shielding pattern 
16F is made from the low-reflection metallic layer, while 
the signal bus line pattern 9 is made from the high- 
reflectance metallic layer. Covering the signal bus line 
pattern 9 with the extended light-shielding pattern 16F 
enables the reduction of the surface reflection of the 
whole black matrix, thereby reducing contrast deteriora- 
tion caused by multiple reflection inside the liquid crystal 
3. 

By referring further to Figs. 1 A and 1 B, a method of 
producing the transmissive display device in accord- 
ance with the present invention will be described. 

The driving substrate 1 is made from glass, quartz, 
or the like, on which the semiconductor film 1 0 is formed 
by using reduced-pressure chemical vapor deposition 
techniques. The semiconductor film 10 is made from 
deposited polycrystal silicon having a thickness of 
approximately 50 nm, and is used as an active layer of 
thin film transistor. After the semiconductor film 10 is 
formed, it is patterned in the form of an island. On the 
semiconductor film 10, a gate insulating film made from, 
e.g., SiOg is formed. In this case, as a material for the 
semiconductor film 10, amorphous silicon or the like 
may be used, in addition to polycrystal silicon. Also, as 
a material for the gate insulating film, SiN, tantalum 
oxide, or a laminate layer of these materials may be 
used, in addition to Si0 2 . 

Subsequently, on the driving substrate 1, the scan- 
ning-wiring pattern 8, the gate electrode G, the auxiliary 
wiring pattern 14, and so forth are simultaneously 
formed. For example, after polycrystal silicon is depos- 
ited to a thickness of 350 nm by using reduced-pressure 



chemical vapor deposition techniques, the deposited 
layer is doped with impurities in order to reduce its 
resistance, and the resulting layer is patterned in a pre- 
determined form. As materials for the scanning bus line 

5 pattern 8, the gate electrode G, and the auxiliary wiring 
pattern 14, it is possible to use metals such as Ta, Mo, 
Al, Cr, and their silicides and polycides. Such a manner 
forms the thin film transistor comprising the semicon- 
ductor film 10, the gate insulating film, and the gate 

w electrode G. In this embodiment, the thin film transistor 
is a planar type, however a normal stagger type or an 
inverse stagger type may be used. On the semiconduc- 
tor film 10, the auxiliary capacitor 13 is simultaneously 
formed. 

15 Subsequently, by using atmospheric chemical 
vapor deposition techniques, PSG (phospho-silicate 
glass), and so forth are deposited at a thickness of 
approximately 600 nm in order to form the first irtterlayer 
insulating film 15. The first interlayer insulating film 15 

20 covers the scanning-wiring pattern 8, the gate electrode 
G, the auxiliary wiring pattern 14, and so forth. In the 
first interlayer insulating film 1 5, there is provided a con- 
tact hole reaching the source region S and the drain 
region D of the thin film transistor. On the first interlayer 

25 insulating film 1 5, there are provided, in the form of pat- 
terns, the signal bus line pattern 9, and the lead elec- 
trodes 11 and 12, as the high-reflection metallic layer 
positioned downward which forms the black matrix. For 
example, the high-reflection metallic layer is formed by 

30 depositing aluminum at a thickness of approximately 
600 nm with sputtering techniques. This high-reflection 
metallic layer is patterned in a predetermined form in 
order to form the signal bus line pattern 9 and the lead 
electrodes 11 and 12. On the one hand, the lead elec- 

35 trode 1 1 is connected to the source region S of the thin 
film transistor through the contact hole, on the other 
hand, the lead electrode 12 is connected to the drain 
region D of the thin film transistor. 

On the signal bus line pattern 9 and the lead elec- 

40 trodes 11 and 12, the second interlayer insulating film 
17 is formed to coat them. For example, the second 
interlayer insulating film 1 7 is formed by depositing PSG 
to a thickness of approximately 600 nm with atmos- 
pheric chemical vapor deposition techniques. In this 

45 second interlayer insulating film 1 7, there is provided a 
contact hole C reaching the lead electrode 12. On the 
second interlayer insulating film 17, there are provided 
the light-shielding masking pattern 16M, the light- 
shielding pad pattern 16P, and the extended light- 
so shielding pattern 1 6F, as the low-reflection metallic layer 
positioned upward which forms the black matrix. For 
example, the low-reflection metallic layer is formed by 
depositing Tl to a thickness of approximately 250 nm 
with sputtering techniques. This low-reflection metallic 

55 layer is patterned to form the light-shielding masking 
pattern 16M, the light-shielding pad pattern 16P, and the 
extended light-shielding pattern 16F. The light-shielding 
masking pattern 16M is in contact with a region outside 
the display pixel at the fixed potential. On the other 
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hand, the light-shielding pad pattern 16P is in contact 
with the lead electrode 12 through the contact hole C. 
Further, the extended light-shielding pattern 16F is pro- 
vided as extended from the light-shielding masking pat- 
tern 16M, thus covers the signal bus line pattern 9 5 
positioned downward. In this embodiment, the light- 
shielding masking pattern 16M and the extended light- 
shielding pattern 16F are connected with each other 
over all the display pixel regions. 

The flattening film 18 is formed so as to cover the 10 
light-shielding masking pattern 16M, the light-shielding 
pad pattern 16P, and the extended light-shielding pat- 
tern 16F. In this flattening film 18, there is provided a 
contact hole reaching the light-shielding pad pattern 
16R On the flattening film 18, the pixel electrode 6 is is 
formed. For example, a transparent conductive layer 
made from, e.g., indium tin oxide is formed at a thick- 
ness of approximately 150 nm by using sputtering tech- 
niques, and is patterned in a predetermined form to 
form the pixel electrode 6. Subsequently, the counter 20 
substrate 2 on which the counter electrode 5 is wholly 
formed, which is made from, e.g., glass, is joined to the 
driving substrate 1. Between both electrodes 1 and 2, 
the liquid crystal 3 is put into. This liquid crystal 3 has, 
e.g. , twisted nematic orientation. 25 

By referring to Figs. 2A and 2B, there is shown a 
modification of the embodiment shown in Figs. 1 A and 
1B. This modification basically has the same structure, 
and the corresponding parts are denoted by the corre- 
sponding reference numerals so as to be readily under- 30 
stood. The difference is that an extended light-shielding 
pattern 16F is separated from a light-shielding masking 
pattern 16M whose potential is fixed, and has floating 
potential. As described above, this extended light- 
shielding pattern 16F is positioned above a signal bus 35 
line pattern 9. In this embodiment, in order to suppress 
an increase in the load capacitance of the signal bus 
line pattern 9, the extended light-shielding pattern 16F 
positioned above the signal-wiring pattern 9 is sepa- 
rated to be in a floating condition. 40 

By referring to Figs. 3A and 3B, there is shown 
another modification of the embodiment shown in Figs. 
1A and 1B. This modification basically has the same 
structures, and the corresponding parts are denoted by 
the corresponding reference numerals so as to be read- 45 
ily understood. The difference is that a high-reflection 
metallic layer positioned upward has only a single light- 
shielding pattern 16. A pixel electrode 6 is electrically 
connected to a drain region D of a thin film transistor 
forming a switching device 7 through this light-shielding so 
pattern 16. Accordingly, the light-shielding pattern 16 
has the same potential as the pixel electrode 6. Since 
there is such a relation, the light-shielding pattern 16 is 
separated corresponding to the respective pixels. In 
other words, it may be the that the light-shielding pad 55 
pattern 16P shown in Fig. 1 is extended to become this 
light-shielding pattern 16. The light-shielding pattern 16 
has an extender that is provided on a signal bus line pat- 
tern 9. According to the circumstances, this extender 



may be separated to be in a floating condition, similar to 
the example shown in Fig. 2. 

By referring to Fig. 4, there is shown further another 
modification of the embodiment shown in Fig. 1 . The dif- 
ference is that a bottom-gate type thin film transistor is 
used for the top-gate type thin film transistor, as a 
switching device 7. In other words, on a driving sub- 
strate 1 , a gate electrode G is formed in a pattern, which 
is covered with a gate insulating film 20. On this gate 
insulating film 20, there is provided a semiconductor film 
10 which is patterned in the form of an island. The bot- 
tom-gate type thin film transistor with such a configura- 
tion has a source region S connected to a signal bus 
line pattern 9 through a doped silicon 11S. Also, its 
drain region D is connected to a lead electrode 12 like- 
wisely through a doped silicon 12D. The other end of 
this lead electrode 12 is connected to a pixel electrode 
6. The signal bus line pattern 9 and the lead electrode 
1 2 are electrically separated to each other by an etching 
stopper 21. The signal bus line pattern 9 and the lead 
electrode 12 are covered with an interlayer insulating 
film 17, on which a light-shielding pattern 16 is formed in 
a pattern. The light-shielding pattern 16 that is upwardly 
and downwardly separated by the interlayer insulating 
film 17, the signal bus line pattern 9, and the lead elec- 
trode 12 form a black matrix. This light-shielding pattern 
16 has floating potential. Incidentally, materials for two 
metallic layers forming a black matrix are determined 
based on characteristics required in circuit design and 
process design, thus, the matrix does not always have 
lower reflectance in the upper layer. According to the cir- 
cumstances, a high-reflectance metallic iayer may be 
positioned closer to the incident side than a low-reflect- 
ance metallic layer. In this case, by selectively removing 
the pattern of the former overlaid on the pattern of the 
latter, it is preferred to provide the upper high-reflect- 
ance metallic layer so as not to cover the surface of the 
low-reflectance metallic layer. Thereby, it is possible to 
reduce the surface reflection on the black matrix The 
modification in Fig. 4 shows such a structure as an 
example. 

As described in the foregoing, in accordance with 
the present invention, when observed in plan view from 
the incident side, the exposing area of the low-reflect- 
ance metallic layer is extended, while the exposing area 
of the high-reflectance metallic layer is reduced, so that 
the surface reflectance of the whole black matrix is 
reduced. Thereby, contrast deterioration caused by mul- 
tiple reflection in liquid crystal is effectively prevented. 

While the present invention has been described in 
conjunction with a preferred embodiments thereof, it is 
evident that many alternatives, modifications and varia- 
tions will be apparent to those skilled in the art. Accord- 
ingly, it is intended to embrace all such alternatives, 
modifications, and variations that fall within the spirit 
and broad scope of the appended claims. 
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Claims 7. A transmissive display device according to Claim 1 , 

wherein said switching device is a thin film transis- 
1 . A transmissive display device comprising: tor. 



a first transparent substrate disposed on the s 
incident side for receiving incident light and 
having a counter electrode; 
a second transparent substrate having pixels 
formed in a matrix and a black matrix for shield- 
ing, from the incident side, light from reaching 10 
the non-aperture parts of said pixels; and 
an electro-optical material provided between 
said first and second transparent substrates, 
said respective pixels each including a pixel 
electrode and a switching device, is 
and said black matrix having an overlaid struc- 
ture formed by overlaying a first reflection 
metallic layer with first reflectance and a sec- 
ond reflection metallic layer with second reflect- 
ance higher than said first reflectance, with an 20 
insulating film provided therebetween, both of 
which are formed such that they are patterned 
and partially overlap with each other as mutu- 
ally complement to shield said incident light. 

25 

2. A transmissive display device according to Claim 1 , 
wherein said first reflection metallic layer is posi- 
tioned closer to the incident side than said second 
reflection metallic layer, and the pattern of said first 
reflection metallic layer is extended over the pattern 30 
of said second reflection metallic layer. 

3. A transmissive display device according to Claim 2, 
wherein said first reflection metallic layer includes a 
light-shielding pattern positioned along the row 35 
direction of said pixels arranged in a matrix, while 
said second reflection metallic layer includes a wir- 
ing pattern positioned along the column direction. 



8. A transmissive display device according to Claim 1 , 
wherein said first reflection metallic layer comprise 
Ti. 

9. A transmissive display device according to Claim 8, 
wherein said second reflection metallic layer com- 
prise Al. 



4. A transmissive display device according to Claim 3, 40 
wherein said first reflection metallic layer includes 
an extended light-shielding pattern having a floating 
potential, separated and isolated from said light- 
shielding pattern whose potential is fixed, and said 
extended light-shielding pattern is positioned above 45 
said wiring pattern. 



5. A transmissive display device according to Claim 1 , 
wherein said second reflection metallic layer is 
positioned closer to the incident side than said first so 
reflection metallic layer, and the pattern of said sec- 
ond reflection metallic layer, overlaid on the pattern 

of said first reflection metallic layer, is selectively 
removed. 

55 

6. A transmissive display device according to Claim 1 , 
wherein said electro-optical material is liquid crys- 
tal. 



7 



EP 0 762 180 A1 



FIG. IA 




FIG. IB 
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FIG. 2 A 
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FIG.3A 
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FIG.3B 
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FIG. 4 
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FIG. 5 




FIG. 6 




12 



EP 0 762 180 A1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 11 2392 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document 
of 



with indication, where appropriate, 



Rderant 

to i 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



EP-A-0 569 691 (SEIKO EPSON CORP) 18 
November 1993 

* example 1 * 

* column 14, line 1 - line 35; figures 1-7 



PATENT ABSTRACTS OF JAPAN 

vol. 015, no. 091 (P-1175), 5 March 1991 

& JP-A-02 306222 (SHARP CORP), 19 December 

1990, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 95, no. 802 

& JP-A-07 043521 (T0PPAN PRINTING CO LTD), 
14 February 1995, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 014, no. 385 (P-1094), 20 August 1990 

& JP-A-02 144525 (TOSHIBA CORP), 4 June 

1990, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 016, no. 268 (P-1372), 17 June 1992 
& JP-A-04 069622 (NEC CORP), 4 March 1992, 
abstract * 



1,2,6-9 
3,4 

1.9 



The present search report has been drawn up for all daims 



1.8 



Flaot •ftevcfc 

THE HAGUE 



1-3 



Dtl< «f vrnpki^ >f tfta tun* 

20 November 1996 



G02F1/1335 
G02F1/136 



TECHNICAL FIELDS 
SEARCHED (Int.a.6) 



G02F 



Stang, 1 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant Iff combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, w 

after the tiling date 
D : document cited in the application 
L : document died for other reasons 



ft : member of the same patent family, corresponding 
document 



13 



